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Abstract 

Introduction: Sleep related disordered breathing (SRDB), is an established risk factor for motor vehicle crashes 
(MVCs) involving commercial drivers. The role of SRDB in motor vehicle crashes involving non-commercial drivers is 
not well established. 

Methods: Drivers involved in MVCs who were admitted to an American College of Surgeons accredited Level I 
trauma center for treatment of their injuries, and who could give informed consent and provide verbal responses 
to screening questionnaires were eligible for enrolment in this study. Two questionnaires previously validated for 
screening patients at risk for sleep disturbances (The Epworth Sleepiness Scale (ESS) and The Berlin Questionnaire 
(BQ)) were administered. Questionnaire results associated with an 85% sensitivity for predicting obstructive sleep 
apnea were considered positive. In this study we tested the hypothesis that patients at risk for SRDB, as measured 
by validated questionnaires, are at an increased risk being involved in MVCs. 

Results: Between March and October 2010, 71 consecutive patients were offered enrolment in this study with 56 
agreeing to participate in this study. Six were previously diagnosed with SRDB with only one being compliant and 
effectively treated at the time of their MVC. Forty-two patients (75%) had responses to the questionnaires that 
indicated that the patients were at high risk for SRDB. Six patients suffered systemic complications, including pleural 
effusions, pneumonia and arrhythmias, during their hospitalization with five (83%) having abnormal questionnaire 
responses indicating that the patient was at high risk for SRDB. 

Conclusions: The high incidence of positive responses to the sleep questionnaires is consistent with the hypothesis 
that SRDB is potentially a significant risk factor for MVCs. Furthermore the observation that systemic complications 
were seen more commonly in those with SRDB, while not unexpected, is a novel observation. Further studies are 
needed to validate these findings in a larger cohort of patients as well as determining if these patients are truly at a 
greater risk for systemic complications. If replicated these observations would suggest that effective therapy for 
disordered sleep could play a significant role in an injury prevention process. 
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Introduction 

The significance of Sleep Related Disordered Breathing 
(SRDB) as a contributing factor in motor vehicle crashes 
(MVCs) has been reported for commercial drivers [1-3]. 
Additionally, an increased risk of MVCs has been re- 
ported in patients undergoing formal sleep studies as 
part of their workup for obstructive sleep apnea [4]. Little, 
however, has been written about the role of SRDB as a risk 
factor for MVCs in non-commercial drivers who do not 
carry a formal diagnosis of SRDB. 

SRDB constitutes a spectrum of conditions characterized 
by repeated episodes of hypopnea (under breathing), which 
is reported in up to 25% of all adult males and 9% of all 
adult females [5], to more extreme respiratory effort- 
related arousals such as advanced obstructive sleep apnea 
(OSA), which is reported to affect 5% of the general popu- 
lation [6]. These disorders may result in hypoventilation 
and reduced gas exchange as well as systemic organ dys- 
function and daytime sleepiness, fatigue or inattention. 
These latter symptoms have been shown to predispose to 
occupational injuries [7] and increased motor vehicle 
crashes (MVCs) in operators of commercial motor vehicles 
[1-3] and in an older series of a general population of 
patients involved in MVCs [8]. Additionally Turkington 
and colleagues found that patients with OSA, who were 
tested in driving simulators, demonstrated behaviors that 
were significantly more likely to result in MVCs [9]. 

SRDB has also been shown to have systemic effects in- 
cluding; activation of the sympathetic nervous system 
[10], activation of the coagulation system [11], activation 
of the renin-angiotensin-aldosterone system [12,13] and 
altered endothelial function [14]. These observations help 
explain why SRDB is a risk factor for medical conditions 
including hypertension [15], acute coronary syndromes 
[16], virulent atherosclerosis [15], cardiac arrhythmias 
[15], and systemic inflammatory conditions [14]. These 
latter effects may well predispose patients with sleep- 
related disorders who sustain injuries to suffer increased 
rates of complications. 

This study was undertaken to further investigate the 
possible relationship between patients at risk for SRDB 
and motor vehicle crashes in non-commercial drivers. 
Additionally, given the systemic effects of SRDB a second- 
ary objective was to evaluate for a possible association be- 
tween SRDB and the development of complications in a 
consecutive series of non-commercial operators of motor 
vehicles who required admission for the treatment of 
injuries sustained in a MVC. 

Methods 

Approval was obtained from the local Institutional 
Review Board and all research was performed in compli- 
ance with the principles in the Declaration of Helsinki. 
Patients admitted to an American College of Surgeons 



Level I trauma center, who were operators of motor vehi- 
cles involved in crashes, were offered entry into the study. 
The study limited entry to individuals who were able to 
provide informed consent and answer the sleep ques- 
tionnaires. Patients agreeing to participate in the study 
were evaluated using two previously validated question- 
naires, the Berlin questionnaire (BQ) and the Epworth 
Sleepiness Scale (ESS), to identify patients at risk for 
SRDB [17-23]. 

The BQ was developed by the Conference on Sleep in 
Primary Care. Questions were selected from the litera- 
ture to elicit factors or behaviors that consistently pre- 
dicted the presence of SRDB [17-20]. The instrument 
focused on a limited set of known risk factors for sleep 
apnea. The results of the BQ are presented as high or low 
probability of SRDB, The responses to these questions have 
been shown to have utility in non-primary care settings 
[17]. Other information was obtained about hypertension, 
age, weight, height, and gender and neck circumference. 
Obesity was quantified by calculating body mass index 
from self-reported weight and height. 

The ESS was developed by Johns et. al. at the Sleep 
Disorders Unit of the Epworth Hospital in Melbourne 
Australia. This questionnaire rates the chances that a 
patient will 'doze off or Tall asleep' when in eight differ- 
ent situations commonly encountered in daily life. This 
was initially presented in 1991 when it was reported 
that Total ESS scores distinguish normal subjects from 
patients in various diagnostic groups including obstruct- 
ive sleep apnea syndrome, narcolepsy and idiopathic 
hypersomnia [21]. Further validation was provided when 
ESS scores were found to correlate significantly with sleep 
latency measures, a measure of how quickly one falls 
asleep in quiet situations during the day. This correlation 
was demonstrated during multiple sleep latency tests and 
during overnight polysomnography. In overnight polysom- 
nography patients are monitored using electroenceph- 
alography (EEG), electrooculography (EOG), and surface 
electromyography (EMG) and recordings made to iden- 
tify patterns of physiologic variables that may be used to 
diagnose abnormalities of sleep and/or wakefulness and 
other physiologic disorders that have an impact on or are 
related to sleep and/or wakefulness. [21]. Unlike the BQ, 
which provides a result of high or low risk for SRDB, the 
ESS provides a numeric output ranging from 0 to 24. 
In studies across a range of patient groups responses to 
ESS were considered 'Normal Sleep' (ESS = 1-6), Average 
Sleepiness' (ESS = 7-8) and Abnormal Sleep' (ESS = 9-24) 
[21-23]. The questionnaires are presented in Additional 
file 1. 

After completing the questionnaires, neck measurements 
were performed as described by Davies et. al. [24], Demo- 
graphic data were subsequently obtained from the trauma 
registry and electronic medical record. 
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Overall data is divided into normal and abnormal 
groups based on their specific questionnaire responses 
and presented by study questionnaire and each of these 
groups pooled. For the purposes of pooling, the normal 
group was defined as those patients with a BQ ranking 
of low risk for SRDB and an ESS of < 9. The abnormal 
group was defined as those patients with a BQ ranking 
of high risk for SRDB and/or an ESS score of > 9. 

Statistical analysis for differences between groups was 
performed using Analyze -it statistical software and was 
performed using a £-test for groups for parametric ana- 
lysis and a Mann-Whitney Rank Order test for nonpara- 
metric analysis. Data are presented as Mean ± Standard 
Deviation. Differences between groups for a given vari- 
able were considered significant if the p value was < 0.05. 

Results 

Over the five-month period of time during which this 
study was conducted 1,830 patients were admitted to 
the ACS level I verified trauma center. Of these 71 oper- 
ators of vehicles who could provide informed consent 
and responses to the questionnaires were identified and 
offered enrolment in this study, of these 56 patients agreed 
to participate. Patient demographics for the group as a 
whole as well as by questionnaire results are presented 
in Table 1. Patients with an abnormal response on BQ 
or ESS are referred to as 'Positive' with the remaining 
patients categorized as 'Normal'. Data are presented for 
these groups in Table 2. Patients with positive question- 
naire responses were statistically significantly older and 
heavier than those with normal responses. In contrast 
neck circumference was not different between the groups 
in terms of absolute measurement or measurement nor- 
malized by body height. In the six patients with a positive 
admission measurement for blood alcohol, the ESS was >9 
in four patients and BQ responses were in the high risk of 
SRDB in three patients. 

The group of patients who screened positive for SRDB, 
based on questionnaire results, had a lower mean Injury 
Severity Score (ISS). Despite this they had longer Intensive 



Table 2 Demographic Data for patients with normal and 
abnormal questionnaire responses 



Normal Abnormal 



Gender (M:F) 


10:4 


31:11 


Age (Years) 


42.1 7 ± 13.81 


47.3 ± 12.78 1 


Height (cm) 


172.6 ±10.3 


177.3± 10 1 


Weight (kg) 


78.22 ±12.85 


102.7±25.24 1 


BMI 


26.1 ±4.06 


32.7 ± 7.51 1 


Neck circumference* 


40.89 ± 4.35 


43.1 ±5.23 1 


Normalized neck circumference** 


0.238 ± 0.02 


0.242 ± 0.025 1 


Serum Na 


139.1 ±1.96 


139.8± 2.59 1 


Serum Cr 


0.98 ± 0.24 


0.99 ± 0.24 


ETOH positive 


0 


6 






Range 106-338 



indicates that the differences between the groups was stastically significant. 



Care Unit (ICU) and hospital stays and an increase in 
number of ventilator days and complications Table 3. 
Six patients experienced complications. These compli- 
cations included arrhythmias, a transfusion reaction, re- 
spiratory failure requiring reintubation and bleeding in 
one patient each and pleural effusions in two patients. 
These patients had an average ISS = 22.3 ± 8.8, which 
was significantly greater than that from the group not 
experiencing complications. Five of the six patients had 
BQ survey results putting them at high risk of SRDB; 
however their ESS scores were statistically equivalent to 
the group that did not experience any complications. 
While the small number of patients precludes meaning- 
ful statistical analysis two thirds of the complications 
involved the cardiovascular system or inflammatory pro- 
cesses which are consistent with known effects of sleep dis- 
ordered breathing. 

Most crashes occurred during weekdays rather than 
weekends. The distribution throughout the time of day 
showed the greatest number of crashes occurring between 
12 noon and 6 P.M. for both weekday and weekend 



Table 1 Patient Demographics 





All 




Normal BQ 


Abnormal BQ 


Normal ESS 


Abnormal ESS 


Gender (M: F) 


41:15 




17:8 


24:7 


10:4 


31:11 


Age (Years) 


45.6 ± 


13.2 


42.5 ±12.8 


48.2 ±13.2 


43.3 ±14.5 


46.4 ± 12.8 


Height (cm) 


175.6: 


± 10.4 


1 73.3 ± 10.3 


177±10.1 


171.3 + 10.6 


1 77 ± 9.9 


Weight (kg) 


94.8 ± 


24.8 


80.33 ± 14.4 


106.5 ±25.3 


76.8 ±13.8 


100.8 ±24.8 


BMI 


30.6 ± 


7.34 


26.5 ±4.1 3 


33.9 ±7.71 


26.0 ±4.76 


32.5 ± 8.41 


Neck circumference* 


42.37 : 


±5.02 


40.3 ±4.67 


44 ± 4.76 


40.8 ±4.76 


42.8 ±5.06 


Normalized neck circumference** 


0.24 ± 


0.024 


0.23 ± 0.022 


0.25 ± 0.02 


0.238 ± 0.022 


0.242 ± 0.024 



*Neck circumference in centimeters. 

**Normalized neck circumference = neck circumference in centimeters divided by height in centimeters. 
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Table 3 Hospitalization and complication data 



Normal Abnormal 



Hospital LOS 


3.06 ± 2.44 


5.16±5.26 1 


ICU LOS 


0.22 ± 0.647 


1 .5 ± 2.44 1 


Vent days 


0 


0.45 ± 1.27 1 


Deaths 


0 


0 


ISS 


10.1 7 ±8.28 


9.81 ±8.04 1 


Any complications 


0 


6 1 



differences significant for f-test p < 0.05. 



crashes and for those with normal or abnormal question- 
naire results. 

With respect to medications that were being taken by 
the patients on entry to this study. One patient in each 
group was on a medication for preventing seizures. A 
seizure was implicated as the cause of the MVC in the 
patient with a positive survey response. This patient is 
one of the patients who developed systemic complica- 
tions from injuries sustained in the MVC. Additionally; 
three patients in the abnormal group and one patient in 
the normal sleep group were being treated for diabetes 
at the time of their MVC. Hypoglycemia was not impli- 
cated as a contributing factor in any of the MVCs. Five 
patients in the abnormal sleep group were taking opioids 
at the time of their admission (Oxycodone N = 2 and 
Hydrocodone, Oxycontin and Methadone in one patient 
each). There had been no recent additions to the medi- 
cation regimens of these patients and none had experi- 
enced changes in their health resulting in an increased 
use of opioids immediately preceding their MVC. 

Discussion 

We have demonstrated that a significant number of 
operators of motor vehicles involved in MVCs report 
findings on the Berlin Questionnaire and the Epworth 
Sleepiness Scale that are consistent with Sleep Related 
Disordered Breathing (SRDB). This observation is consist- 
ent with that reported in studies of commercial drivers 
[1,2,6,9] but is at variance with the findings in non- 
commercial drivers presented by Teran-Santos and associ- 
ates, who did not find a relationship between ESS scores 
and the risk of MVCs [8]. 

Howard et al. found a significant relationship between 
ESS scores and the risk for a MVC in operators of com- 
mercial vehicles, with the odds ratio of being involved in 
a MVC increasing from 1.5 for an ESS of 8-10, (mild 
OSA), to 1.91 in patients with an ESS score of 18-24, 
(severe OSA) [1]. They also observed that people with 
more severe symptoms (ESS = 19-24) were more likely to 
have been involved in multiple MVCs (odds ratio = 2.67 
(1.29-5.52)) [1]. Shiomi studied patients admitted to a sleep 
disorders clinic for daytime sleepiness and found that an 



ESS > 11 was associated with moderate to severe OSA and 
that the rate of MVCs over a five year period of time was 
3.8% in patients who were simple snorers, to 5.8%, 9.9% 
and 11% respectively for patients with mild, moderate and 
severe OSA [6]. Similar observations were made by others 
reporting results in commercial drivers [2,3,6,9]. Given the 
structure of our study we cannot quantify risk, however, 
our findings do support the relationship between SRDB 
and MVCs demonstrated by the above authors in commer- 
cial drivers and expands this finding to non-commercial 
drivers. 

Our results are similar to those reported by Barbe 
et al. in a study of patients undergoing formal sleep 
studies, where a mean ESS score of 12 was reported for 
those involved in MVCs compared to a mean ESS score 
of 3 for controls, not involved in MVCs. Furthermore, 
those with abnormal ESS scores were not only more 
likely to have been in a single MVC but were more likely 
to be involved in multiple MVCs with an odds ratio of 
5.2. These differences persisted even after stratification 
for mileage driven per year, alcohol consumption and 
age [4]. An ESS of > 12 was seen in 15 of our patients. 

In our study patients with positive questionnaire results 
had a significantly greater weight and BMI as compared to 
patients with normal questionnaire results (P < 0.05). They 
also had a greater actual and normalized neck circumfer- 
ence, although these differences did not reach statistical 
significance. Increased BMI and neck circumference are 
both factors that have been associated with OSA in study 
populations [24], and in studies of SRDB as a risk factor 
for MVCs in commercial drivers [2,4]. 

In a recent study of commercial drivers in the United 
Kingdom, Home and colleagues reported that the risk of 
MVCs, attributed to SRDB, peaks between 0200-0600 
and 1400-1600 (Home et. al. [25]. In contrast to these 
findings, in our series only 7 crashes occurred between 
the hours of 02:00 and 06:00, four with abnormal ESS 
and four with High-risk BQ results. Additionally, nine 
crashes occurred between the hours of 14:00 and 16:00 
in our patient cohort. Thus, the temporal distribution of 
crashes throughout the weekend/weekday or time of day 
was more evenly distributed in our patients than has been 
described in studies of commercial drivers. While the 
structure of our study does not allow formal hypothesis - 
testing, these observations are consistent with the hypoth- 
esis that SRDB is associated with an increased risk for 
sleepiness and inattention [7] and may have effects that ex- 
tend throughout the day, not only during times in which 
fatigue would be expected to be most pronounced. 

In our study only 6 patients (10.7%) had positive 
screens for alcohol. This is consistent with the findings 
of Longo et al. who found that 12.6% of drivers of vehi- 
cles involved in crashes were intoxicated at the time of 
their crash [26]. It is, however, below the rate of 17% for 
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all trauma-related admissions at our institution during 
the same time period [unpublished data]. Again these 
observations are consistent with the notion that SRDB is 
a contributing factor for MVCs in non-commercial oper- 
ators of motor vehicles. 

Many common medications have been implicated as 
contributing to SRDB. These include beta-adrenergic 
antagonists, oral hypoglycemic agents, angiotensin con- 
verting enzyme inhibitors, antidepressants and benzodi- 
azepines [4]. Barbe et. al. found that these were being 
taken by seven of 60 patients (12%) with OS A who were 
involved in MVCs, as compared to one of 60 control pa- 
tients [4]. Our findings are at variance with their obser- 
vation as these agents were being taken by an equivalent 
percentage of patients in each group. In nine patients 
(21%) with abnormal sleep questionnaires, and four of 
14 patients (28%) with normal sleep questionnaire re- 
sponses. Four patients had the diagnosis of diabetes on 
admission with hypoglycemia not being implicated in 
any cases. Five patients had a history of documented 
seizure disorder and were under treatment at the time of 
their MVC. A seizure was implicated as causing the MVC 
in only one of our cases. This patient was in the abnormal 
group and their hospital course was remarkable for devel- 
oping pleural effusions. 

The BQ has not been used as extensively as the ESS in 
assessing the risk of SRDB in operators of motor vehi- 
cles. In our series 25 patients gave responses to the BQ 
questionnaire that indicated a higher risk of SRDB, 22 of 
these patients also had ESS scores indicating a high risk 
of SRDB. A larger sample size would be required before 
a more detailed analysis of the individual elements of the 
questionnaires can be performed. 

A total of six patients suffered complications during 
their post-injury course. Five of these patients had re- 
sponses on their BQ indicating a high risk of SRDB 
while the ESS results were statistically equivalent to 
those who did not suffer systemic complications of their 
injuries. The small sample size of this study precludes 
formal statistical analysis of the questionnaires individual 
elements and their association with systemic complica- 
tions. Admittedly, the ISS results for these patients were 
greater than that of the patient cohort overall, which 
would be expected to have contributed to these compli- 
cations. Given the reports of SRDB being associated with 
activation of the sympathetic nervous system [10], acti- 
vation of the coagulation system [11,27] with alterations 
in systemic inflammatory processes [14], and endothelial 
function [14,27], the possible role of SRDB as a contrib- 
uting factor in complications following trauma warrants 
further investigation. 

The main limitations of this study are its small sample 
size and only enrolling those who were less severely 
injured and could provide their own responses to the 



SRDB questionnaires. The small sample size precludes 
us from formally testing hypotheses. This study does, 
however, provide data about the relationship between 
SRDB and noncommercial drivers and is the basis for a 
larger multicenter study that has been initiated. If these 
observations are repeated in this larger study it would 
provide a straightforward means of identifying patients 
at an increased risk of developing systemic complica- 
tions during the time that they are hospitalized for 
the treatment of their injuries. Secondly by excluding 
patients with more severe injuries, and who were unable 
to provide their own responses prevents us from making 
any conclusions about this more severely injured group 
of patients. 

Conclusions 

In summary, we have found that non-commercial opera- 
tors of motor vehicles involved in crashes have a higher 
prevalence of positive responses to questionnaires devel- 
oped to identify patients with increased daytime sleepiness 
and a variety of forms of SRDB. Additionally, although the 
sample size was small, precluding analysis of the effects of 
all confounding factors, we have found that patients who 
suffered complications following MVCs were more likely 
to have responses on their Berlin Questionnaires indicat- 
ing a high risk for SRDB. Further studies are required to 
confirm the relationship between SRDB and MVCs and 
between SRDB and the development of systemic compli- 
cations in patients who sustain trauma. 

Additional file 



Additional file 1: Sleep questionnaires. 



Abbreviations 

(BQ): Berlin questionnaire; (EGG): Electroencephalography; 
(EOG): Electrooculography; (EMG): Electromyography; (ESS): Epworth 
sleepiness scale; (ICU): Intensive care unit; (ISS): Injury severity score; 
(MVC): Motor vehicle crash; (OSA): Obstructive sleep apnea; (SRDB): Sleep 
related disordered breathing. 

Competing interests 

All authors declare that they have no competing interests. 
Authors' contributions 

El participated in study design, data acquisition and analysis and manuscript 
preparation. PR participated in data acquisition and analysis and manuscript 
preparation. AB participated in data analysis and interpretation and 
manuscript preparation. MB participated in study design, statistical analysis, 
data interpretation and manuscript preparation. CM participated in data 
interpretation and manuscript preparation. GB participated in study design, 
data interpretation and manuscript preparation. All authors read and 
approved the final manuscript. 

Author details 

^300 Oakdale Ave, Robbinsdale, MN 55422, USA. 2 1 1 16 Gillespie, Garden 
City, KS, USA. 

Received: 1 1 October 2013 Accepted: 18 November 2013 
Published: 7 January 2014 



Irwin et al. World Journal of Emergency Surgery 2014, 9:2 
http://www.wjes.Org/content/9/1/2 



Page 6 of 6 



References 

1. Howard M, Desai A, Grunstein R, et al: Sleepiness, sleep disordered 
breathing and accident risk factors in commercial vehicle drivers. Am J 
Respir Crit Care Med 2004, 170:1014-1021. 

2. Stoohs R, Bingham L, Itoi A, et al: Sleep and sleep-disordered breathing in 
commercial long-haul truck drivers. Chest 1995, 107:1275-1282. 

3. Horstmann S, Hess C, Bassetti C, et al: Sleep related accidents in sleep 
apnea patients. Sleep 2000, 23:383-389. 

4. Barbe F, Pericas J, Munoz A, et al: Automobile accidents in patients with 
sleep apnea syndrome. An epidemiological and mechanistic study. Am J 
Respir Crit Care Med 1 998, 1 58:1 8-22. 

5. Yaggi HK, Strohl KP: Adult obstructive sleep apnea/hypopnea syndrome: 
definitions, risk factors and pathogenesis. Clin Chest Med 2012, 
31(2):179-186. 

6. Young T, Peppard P, Gottlieb D: Epidemiology of obstructive sleep apnea: 
a population health perspective. Am J Respir Crit Care Med 2002, 

165:1217-1239. 

7. Salminen S, Oksanen T, Vahtera J, et al: Sleep disturbances as a predictor 
of occupational injuries among public sector workers. J Sleep Res 2010, 
19(1pt2):207-213. 

8. Teran-Santos J, Jimenez-Gomez A, Cordero-Guevara J: The association 
between sleep apnea and the risk of traffic accidents. Cooperative 
Group Burgos-Santander. N Engl J Med 1999, 340:847-851. 

9. Turkington P, Sicar M, Alligar V, et al: Relationship between obstructive 
sleep apnea, driving simulator performance, and risk of road traffic 
accidents. Thorax 2001, 56:800-805. 

10. Ziegler M, Mills P, Loredo J, et al: Effect of continuous positive 
airway pressure and placebo treatment on sympathetic nervous 
activity in patients with obstructive sleep apnea. Chest 2001, 
120:887-892. 

1 1 . Bobinsky G, Miller M, Ault B, et al: Spontaneous platelet activation and 
aggregation during obstructive sleep apnea and its response to therapy 
with nasal continuous positive airway pressure: a preliminary 
investigation. Chest 1994, 108:625-630. 

1 2. Gjorup P, Sadauskiene L, Wessels J, et al: Abnormal increase in endothelin-1 
in plasma during the night in obstructive sleep apnea: relation to blood 
pressure and severity of disease. Am J Hypertens 2007, 20(1):44-52. 

13. Moller D, Lind P, Strunge B, et al: Abnormal vasoactive hormones 
and 24-hour blood pressure in obstructive sleep apnea. Am J 
Hypertens 2003, 16(4):274-280. 

14. Zhao H, Chen B, Cao J, et al: Effects of obstructive sleep apnea style 
intermittent hypoxia on endothelin-1, nitric oxide and nitric oxide 
synthase in endothelium: experiment with human umbilical vein 
endothelial cells. Zhonghua Yi Xue Az Ahi 2007, 87(31 ):21 89-21 92. 

15. Dincer HE, O'Neill W: Deleterious effects of sleep-disordered breathing on 
the heart and vascular system. Respiration 2006, 73:124-130. 

16. De Jesus EV, Dias-Filho ED, Mota B, et al: Suspicion of obstructive sleep 
apnea by Berlin questionnaire predices events in patients with acute 
coronary syndrome. Arq Bras Cardiol 2010, 95(3):3 13-320. 

17. Redline S, Strohl KP: Recognition and consequences of obstructive sleep 
apnea hypopnoea syndrome. Clin Chest Med 1998, 19:1-19. 

18. Flemons WW, Remmers JE: The diagnosis of sleep apnea: questionnaires 
and home studies. Sleep 1996, 19(10 Suppl):S243-S247. 

19. Wu H, Yan-Go F: Self-reported automobile accidents involving patients 
with obstructive sleep apnea. Neurology 1996, 46:1254-1257. 

20. Maislin G, Pack Al, Kribbs NB, et al: A survey screen for prediction of 
apnea. Sleep 1995, 18:158-166. 

21. Johns MW: A new method for measuring daytime sleepiness; the 
epworth sleepiness scale. Sleep 1991, 14:540-545. 

22. Johns MW: Reliability and factor analysis of the epworth sleepiness scale. 
Sleep 1992, 15:376-381. 

23. Johns MW: Daytime sleepiness, snoring, and obstructive sleep apnea; the 
epworth sleepiness scale. Chest 1933, 103:30-36. 

24. Davies R, Ali Nabeel NJ, Stradling J: Neck circumference and other clinical 
features in the diagnosis of the obstructive sleep apnea syndrome. 
Thorax 1992, 47:101-105. 

25. Home J, Reyner L: Vehicle accidents related to sleep: a review. 
Occup Environ Med 1999, 56:289-294. 

26. Longo MC, Hunter CE, Lokan RJ, et al: The prevalence of alcohol, 
cannabinoids, benzodiazepines and stimulants amongst injured drivers 
and their role in driver culpability. Part I: the prevalence of drug use in 



drivers, and characteristics of the drug-positive group. Acad Anal Prev 
2000, 32:613-622. 
27. Matthews KA, Zheng H, Kravitz HM, et al: Are inflammatory and 
coagulation biomarkers related to sleep characteristics in mid-life 
women?: study of women's health across the nation sleep study. 
Sleep 2010, 33(1 2):1 649-1 655. 



doi:1 0.1 186/1 749-7922-9-2 

Cite this article as: Irwin et al.: A prospective study of the role of sleep 
related disordered breathing as a risk factor for motor vehicle crashes 
and the development of systemic complications in non-commercial 
drivers. World Journal of Emergency Surgery 201 4 9:2. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



